Abstract: This study investigated the effects of a liquid meal containing medium-and long-chain triacylglycerols (MLCT) on diet-induced thermogenesis (DIT) and was conducted in double-blind crossover manner. Twenty subjects participated in this examination. The subjects consumed the liquid meal, which was made with 14g of canola oil (LCT, long-chain triacylglycerols) or MLCT containing about 12% medium-chain fatty acids (MCFA). Oxygen consumption and carbon dioxide production were measured by indirect calorimetry. Resting energy expenditure (REE) was determined based on there parameters, applying the equation of Weir. Increase in DIT after ingesting the liquid meal with MLCT during 6h was significantly greater than with LCT (P<0.05). The results suggest that the substitution of MLCT for cooking oil is useful to control body weigh and fat in subjects.
INTRODUCTION
Obesity is a state in which excessive fat accumulates in the body due to energy intake exceeding energy expenditure. In particular, visceral fat accumulation is known to be one of the major risk factors for lifestyle-related diseases 1, 2) . Any individual with visceral fat accumulation associated with at least two of the three factors hyperlipidemia, hypertension and hyperglycemia is known to have a synergistically increased risk of developing arteriosclerosisrelated events such as myocardial infarction and cerebral infarction. It has recently been reported at the general meeting of the Japanese Society of Internal Medicine that this condition should be diagnosed as metabolic syndrome (multiple risk factor syndrome) 3) . Currently in Japan, 50% of men and 20% of women aged 40-74 are reported to be at risk of developing metabolic syndrome, and prompt measures need to be taken for its prevention and treatment 4) . Diet-induced thermogenesis (DIT) accounts for around 10% of daily energy expenditure and plays an important role in adjusting energy balance 5) . There have been numerous reports showing that medium-chain triacylglycerols (MCT) composed of 8-10 carbon atoms accelerate DIT [6] [7] [8] [9] [10] . Therefore, interest is currently focused on MCT as a lipid for preventing obesity. However, MCT has some problems in terms of its unsuitability as a cooking oil because of its low smoke point and foam generation when mixed with other vegetable oils and used for frying 11) . We therefore developed a new cooking oil containing triacylglycerols composed of medium-and long-chain triacylglycerols (MLCT), which are randomly interesterified triacylglycerols containing medium-chain fatty acids (MCFA) and long-chain fatty acids (LCFA) in the same glycerol molecule 12) . MLCT has improved the cooking problems inherent to MCT, and can be used as a normal cooking oil. The present study was therefore conducted to determine whether intake of MLCT accelerates DIT, as is the case for MCT, in subjects.
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EXPERIMENTAL

1
Twenty-one adults were enrolled in this study. One subject opted out of the study for personal reasons. Total subjects (9 males and 11 females: mean age 24.0 0.9 years, height 164. 7 2.3 cm, weight 59.0 1.8 kg, BMI 21.7 0.3 kg/m 2 ) were 20 adults. All the subjects had no history of hypertension, diabetes or hyperlipidemia. This study was approved by the Ethics Committee of Ochanomizu University and was carried out in conformity with the Declaration of Helsinki (established in 1964 and revised in 2000). All subjects gave informed consent to participate in the study after its objectives and methods had been fully explained.
2
A liquid meal containing 14 g of MLCT (MLCT diet) was used. After the liquid meal had been prepared by mixing MLCT (14 g), casein (18.52 g), dextrin (75 g), and hot water (292.48 g) by vacuum emulsification, retort pouches were filled with the mixture, and retort sterilization was performed at 121.1 and 2.5 atm.
The liquid meal was stored at 5 and provided after reheating it to room temperature on the day before the study. As a control diet (food with long-chain triacylglycerols: LCT diet), a liquid meal containing canola oil instead of MLCT was used ( and ).
3
The study was conducted in a double-blind crossover manner. The subjects were instructed to maintain their usual lifestyle and diet during the study period. They assembled in a measuring room at 18:00 on the day before the study, and all of the subjects were given the same supper at 19:00. They were allowed to drink only water after supper. The measuring room was furnished with television sets, showers, beds, etc., and the subjects were allowed to spend their time freely within the room until bedtime at 23:00. The subjects woke up at 06:00 on the day of the study. Their height and weight were measured, and they lay relaxed in bed until measurement of expiratory gas at 06:30 before food intake. The subjects were given either the LCT diet or the MLCT diet, and postprandial expiratory gas was measured 30 min and 1 h later, and thereafter at 1-h intervals until 6 h after food intake. An AMIS 2000 SP (Innovision A/S, Denmark) was used for measurement of expiratory gas oxygen consumption and carbon dioxide production, and the values were used to calculate the nonprotein respiratory quotient (RQ), and also resting energy expenditure (REE) using Weir's formula 13) . Gas analysis was performed using a quadrupole mass spectrometer. After an interval of 2 days or more after the initial intake study, another study was performed with different oil. Temperature and humidity of the measuring room were set at 25-26 and 50-55%, respectively.
4
All values were expressed as the mean standard error. Repeated two-way analysis of variance (oil x time) was performed for oxygen consumption and RQ after intake of the LCT diet and MLCT diet, and when significant differences were confirmed, paired t-test was performed for each time period. DIT was calculated using the trapezoidal method. One-way analysis of variance was performed for DIT after intake of the LCT diet and MLCT diet, and when significant differences were confirmed, paired t-test was used for analysis. In either case, a p value of less than 5% (p<0.05) was considered to indicate statistical significance. SPSS Version 10.0J was used for statistical calculation.
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RESULTS
REE before intake of the liquid meal, oxygen consumption and RQ in the 20 subjects were 1316.7 64.7 kcal, 186.4 9.0 mL/min, and 0.91 0.02, respectively, in the LCT diet group, and 1312.0 62.6 kcal, 184.6 8.7 mL/min, and 0.94 0.02, respectively, in the MLCT diet group.
Changes in oxygen consumption and RQ after intake of the liquid meal were similar in the LCT diet and MLCT diet groups ( and ). Energy expenditure of DIT 6 hours after intake of the liquid meal was increased by approximately 14 kcal in the MLCT diet group in comparison with the LCT diet group, indicating a 2.7% increase of energy expenditure in proportion to energy intake ( ).
DISCUSSION
In this study, we investigated how the intake of MLCT containing approximately 12% MCFA influences DIT. The results showed that intake of MLCT significantly increased DIT. This is consistent with the results of Matsuo et al. showing that intake of MLCT containing 20% MCFA significantly increased DIT 11) . Many studies have demonstrated that MCT increases DIT in comparison with LCT. Suzuki et al. conducted a study involving 25 volunteers who were given margarine containing 5 g of either LCT or MCT and reported that DIT increased by approximately 7 kcal in the group given MCT as compared with that given LCT 6) . Furthermore, Nosaka et al. reported that the amount of body fat, subcutaneous fat area, and visceral fat area were significantly reduced in the MCT group as compared with in the LCT group when 73 volunteers were given margarine containing 5 g of either LCT or MCT for 12 weeks under diet control 14) . This suggests that MCTinduced acceleration of DIT is one of the possible mechanisms by which MCT suppresses body fat accumulation. It has also been reported that MCT intake significantly
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J. Oleo Sci. 56, (6) 283-287 (2007) increases the weight of brown fat tissue and guanosine 5'-diphosphate (GDP) binding ability, which is an index of thermogenesis, and significantly promotes urinary excretion of noradrenaline over a 24-hour period 15, 16) . Based on these findings, it is suggested that MCT activates the sympathetic nervous system and increases energy expenditure.
In view of the fact that MLCT, which we developed, contains only a small amount of MCFA, approximately 12%, further study will be required to clarify the accelerative effect of MLCT intake on DIT and its suppressive effect on body fat accumulation. Kasai et al. investigated the suppressive effect of long-term MLCT intake on body fat accumulation 17) , and revealed that when 14 g of either LCT or MLCT was given to 82 volunteers, MLCT intake significantly reduced the amount of body fat, subcutaneous fat area, and visceral fat area. In our study, the liquid meal containing MLCT contained approximately 13.5 kcal MCFA, and energy expenditure increased by approximately 13.6 kcal as compared with LCT intake. That is, the MLCT-accelerated DIT suggests that almost all of the MCFA was consumed. However, Shinohara et al. assessed hepatic b-oxidizing system activity after intake of MLCT or MCT in rats, and found that the b-oxidizing system enzyme activity of MLCT was similar or superior to that of MCT 18) . This indicates that not only MCFA taken into the liver may be b-oxidized and metabolized, but also LCFA present in the surrounding area may also be simultaneously consumed. Based on the above results, MLCT intake is also considered to possibly accelerate DIT and suppress body fat accumulation by consuming LCFA in addition to MCFA.
This study has demonstrated that MLCT accelerates energy production and contributes to less accumulation of body fat. For future health promotion, widespread use of MLCT is expected to prevent obesity as well as metabolic syndrome.
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